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exposure could severely affect retention of carotenoids during Cassava processing. There is some information on the effect of processing methods on the physical, microbial, and nutritional qualities of fermented dried flour and dough from white varieties [15, 16, 17] , especially the effects of drying methods on their physiochemical properties [18, 19] .
However, there is currently little information on the retention of carotenoids during the processing of yellow varieties into products such as fermented dried flour and dough [20, 21] . Accordingly, our study focused on the retention of β-carotene in fermented dried flour and dough from yellow cassava varieties using different drying methods. We evaluated the effects of three drying methods on carotenoid depletion during the processing of four varieties of yellow-fleshed cassava into fermented dried flour and its dough.
METHODS

Harvesting and Processing
Tropical Manihot Selections of cassava varieties; TMS 0593, TMS 0539, NR 0220 and TMS 1371 were planted earlier during the 2014/2015 planting season at the research farm of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. The varieties were planted in the rainy season (May/June) in a replicated randomized complete block design and grown under rain-fed conditions. There was hand-weeding as necessary. There were no fertilizer or herbicides used.
Mature roots (11-12 months old) were harvested, peeled, washed, and soaked for fermentation before processing into flour and dough using sun, oven, and flash drying methods. The roots were from the same harvest batch. We selected small, medium, and large roots across all varieties in a uniform manner. Their weight ranged between 5kg to 7.5kg. We also sorted to remove damaged roots. Precautions were taken to avoid exposure to sunlight during processing to avoid carotenoid degradation
Experimental processing conditions
The washed roots were fermented for 4 days. Then we divided the roots into three separate portions for drying using three methods. Sun drying was carried out by spreading the fermented roots of each variety on black polyethylene sheets to avoid contamination; drying took place in 24 hours under direct sunlight during the day and the open air at night.
Temperature observed was between 25±2 0 C while relative humidity was between 30-40% during the period of drying. Oven drying was achieved by placing the fermented root chips in the oven (Gallenkamp, Model QV-440 UK). Drying was carried out at 190 0 C for 30 minutes.
We conducted flash drying by placing the chipped roots into a locally fabricated flash dryer (with 500kg/day drying capacity). After the roots passed through the drying process at 180 0 C for 5 minutes, we obtained dried flour. The dried chips from the three drying processes were then milled into flour using a Blender (Waring Blender Model 38BL54, USA). The flour was introduced into boiling water and stirred vigorously until smooth dough was obtained ( Figure 1 ). The experimental methods followed procedures described [7, 22] for the soaking time; [12, 16, 17] for dewatering, drying, and cooking methods. During processing, we sampled each step three times. The carotenoid analysis was carried out similarly. The results are a mean of analytical values with standard deviation. 
Extraction of Carotenoids and HPLC Analysis for β-carotene
The extraction from the food products was carried out using methods described by Awoyale et al. [23] , with slight modifications in the sample weight to account for changes in the nature of samples at each processing stage. A Waters HPLC machine (Water Corporation, Milford, MA) was used to quantify the isomer forms of β-carotene (13-cis, 9-cis and trans isomers).
We used the methods described by Alamu et al. [25] for instrumentation. The methods used by Carvalho et al. [24] and Awoyale et al. [23] were adapted for extrapolation of β-carotene concentrations from chromatograms generated by the HPLC system. 
Moisture Content determination
We determined moisture content (MC) using the hot air oven drying method. Samples (fresh roots, intermediate or final products) were oven dried for 24 hours at 105 0 C until a constant weight was achieved. Weight was measured before and after drying and used to calculate the weight loss and dry matter content [26] .
True Retention Calculation
The formula created by Murphy, Criner, and Gray [27] was used to calculate percentage true retention. The precise weight and moisture content was accounted for at each stage of processing. 
RESULTS
The results are presented in Tables 1-3 . The tables show β-carotene (µg/g) concentrations and percentage true retention of fermented dried chips, fermented dried flour and dough from fresh roots using the sun drying, oven and flash drying methods respectively. The concentration of β-Carotene in the fresh roots ranged from 5.32 -6.96 µg/g.
The mean concentration in sun-dried chips was reduced to 6.69 µg/g from 6.71 µg/g, with the percentage true retention ranging from 5.80% in variety 0539 to 26.3% in varieties 1371, with lower mean concentrations in the milled flour (2.17 µg/g) and dough (1.67 µg/g). This was the same for the percentage true retention values at 11.7% and 5.48% respectively. 
FD-C -Flash Dried Chips FD-MF -Milled flour FD-D -Cooked dough 1 Mean of triplicate values
Means with different letters along columns are significantly different at P< 0.05
The mean concentration of the oven dried chips was 9.49 µg/g with the percentage true retention (%TR) ranging from 5.30% to 16.8%. Mean concentrations were 4.98 µg/g and 0.97 µg/g in milled flour and dough respectively. The mean percentage retention of the oven dried chips were at 7.30% and 3.47% respectively. Among the chips, variety 0220 had the highest β-Carotene concentration and variety 1371 had the highest β-Carotene retention. Variety 0593 had the lowest β-Carotene concentrations among the milled flours and cooked doughs. The mean concentration of the flash dried chips was 5.28 µg/g with the percentage true retention ranging from 3.50% in variety 0539 to 14.6% in variety 1371. Mean concentrations of 3.73 µg/g in the milled flour and 2.48 µg/g in the dough. Mean percentage retention values were 3.33% and 1.24% respectively.
Considering the chips produced using the flash dryer, variety 0593 had the highest concentration of 8.84 µg/g while variety 1371 had the highest true retention of 14.6%. At the milling stage, the flour from variety 1371 had the highest concentration and retention. The retention of β-Carotene in the cooked dough ranged from 0.51% in variety 0539 to 2.90% in variety 1371. Dough produced from oven drying method had a higher mean %TR than dough produced from flash drying. However the reverse was observed for the mean β-carotene concentration of the two methods. A statistical interactive effect was observed at p< 0.001 between varieties and methods for all the stages of processing considered in the study.
DISCUSSION
With all three methods, there was a major decrease in the percentage of true retention (%TR) after the drying, suggesting that combinations of exposure to air and heat will severely affect the β-carotene retention. Even though concentration levels were higher in some varieties than in the fresh roots, the increase may be the result of the reduction of moisture and solid losses that increase the carotene per unit weight of the intermediate products. This observation is consistent with other literature [21, 28] , where processing resulted in higher carotenoid content per unit weight.
Sun drying had the highest mean %TR in the dried chips when compared with results from the other methods used in this study. Chavez et al. [20] reported that oven drying of cassava chips retained highest carotenoids better than shade and sun drying. On the other hand, MaziyaDixon et al. [21] reported that sun drying retained carotenoids better than oven drying. These results suggest different methods and duration used in drying in addition to the drying medium could have an impact on retention. The difference may be due to the processing methods since Chavez et al. [20] dried for 2-3 days in the sun, and dried for 6-7 days under a shade.
The higher retention in sun-dried chips is advantageous through its processing into a cooked dough. The higher retention may be partially due to the drying period of one day and the use of black polyethylene sheets, which can reduce drying time compared to drying without the use of sheets [13] . Sun drying is the cheapest and most accessible means of food preservation in developing countries. However, prolonged exposure to the sun can seriously deplete carotenoids in cassava [14, 29] . This is the case in local areas with limited technology, where drying may last for a week, depending on the weather. A reduction in exposure to the sun may reduce and control this depletion. However, drying in less time as achieved in this study is entirely dependent on favorable weather which is defined by low humidity, windy conditions, and hot temperature [30] .
The results of oven drying in this study is presented in Table 2 . A comparison with previous reports on drying of yellow Cassava shows that Chavez and colleagues oven dried at 60 0 C for a day [20] , while Maziya-Dixon et al. [21] dried at 45 0 C for 72 hours in the production of Cassava chips. However, in this study we conducted drying at 190 0 C for 30 minutes, which had been pretested before the commencement of the study as the shortest possible time for drying in the oven. The retention values obtained suggest that longer time in the oven, even at lower temperatures, does not help retain β-carotene, as suggested by Onyenwoke et al. [11] . From other studies, we see how lower temperatures to prevent adverse depletion of Carotenoids would take hours and even days for complete drying. As this study was more concerned about practical applications (i.e. industrial Agro-processing) we chose the shortest drying time possible with the selected methods. After considering the cost of power for drying for days in an oven, we chose the high temperature, short drying time method which seemed more adaptable for a realistic setting of large-scale processing. The advantage of flash drying in comparison with other methods is the shorter time of residence, with less than 10 minutes drying time. However, the mean concentrations and retention of flash-dried chips in this study were the lowest. These results suggest the drying medium had a negative impact on the composition of the dried material and therefore may not be suitable for producing fermented dried flour and dough from yellow cassava. We observed a slight decrease in concentration and subsequent reduction in retention during processing from chips to milled flour in all drying methods, which may be the result of the heat generated in the milling process. Maize processing has similar results, as noted by Suri and Tanumihardjo [31] . Cooking flour into dough had varying impact on the concentrations and percentage of true retention of β-Carotene. While there was a slight decrease for some varieties, other varieties lost considerable amounts of β-carotene and had very low retention. Even though drying time was shortest in the flash drying method, it did not provide substantial retention of β-carotene in the dough compared with dough from sun drying. These results may be due to the higher drying temperature which flash drying involves. The varying impact on concentrations and the percentage of true retention of β-Carotene may also be caused by the difference in cooking time required for each batch. The cooking time varies, as the cooking process requires continuous stirring until a constant dough is achieved. The constant statistical differences support earlier observations that no varieties behave uniformly when the processing method is changed [28, 32] . Therefore, the retention of β-carotene in yellow fleshed cassava as it is processed into fermented dried flour and dough is dependent on variety and the method of processing.
CONCLUSION
The study implies that while varietal-specific effects were evident with different processing methods, varieties with the highest carotene concentration in the fresh root did not necessarily
